binding; inflammation; FTY720; astrocytes; endothelial cells GELSOLIN is a multifunctional actin-binding, phosphatidylinositol 4,5-bisphosphate (PIP 2 )-regulated protein present both in extracellular compartments and in the cytoplasm (5, 50) . Intracellular gelsolin is involved in the regulation of actin cytoskeleton organization, while its extracellular isoform, plasma gelsolin, functions as a part of an extracellular actin scavenger system. This system is designed to eliminate actin released from injured cells in order to prevent increased blood viscosity and possible toxicity of F-actin (23, 25) . Gelsolin's PIP 2 binding domain resides in two sequences located near its NH 2 -terminal domain, and peptides based on those sequences show preferential interaction with several acidic lipid signaling molecules including PIP 2 , lysophosphatidic acid (LPA), lipoteichoic acid (LTA), and lipopolysaccharide (LPS) (2-4, 15, 27) . The interaction of plasma gelsolin with bioactive lipids in extracellular fluids may have several important consequences. Gelsolin complexed with lipids lacks the ability to bind to and sever actin filaments, and the ability of lipid molecules to act as cell agonists can be either compromised or augmented depending on the gelsolin-to-lipid ratio and the manner in which the bioactive lipid functions. The ability of LPS or LTA to activate Toll-like receptors (TLRs) or of LPA to activate endothelial differentiation gene receptors (EDG) is compromised by recombinant human plasma gelsolin (rhpGSN) (2, 12, 13, 44) .
Clinically, an increasing number of studies strongly suggest that plasma gelsolin depletion precedes and therefore might predict secondary inflammation and tissue injury, and that hypogelsolinemia can be an indicator of poor prognosis or critical care complication (5, 9) . For example, low levels of gelsolin in trauma patients or critically ill surgical patients predict a negative clinical outcome (21, 22, 31) . Bone marrow transplant patients with lower plasma gelsolin levels were more likely to develop respiratory complication and death (10) . A decrease in plasma gelsolin was also observed in the blood of patients suffering from chronic inflammatory diseases such as rheumatoid arthritis (35) and multiple sclerosis (19) .
Sphingosine 1-phosphate (S1P) is a potent and pleiotropic bioactive lysosphingolipid mostly released by hematopoietic cells. It acts on target cells through G protein-coupled receptors S1P 1 -S1P 5 (39) . In circulating blood, S1P is present at a concentration between 200 and 900 nM, and its free amount is sufficient to provide tonic stimulation to endothelial cells. S1P serves as a first messenger and is involved in various cellular responses including cell migration, adherens junction assembly, platelet aggregation, and smooth muscle contraction (11, 28) . Opposing functions of sphingosine and S1P have been linked to a "rheostat" that determines the balance between cell survival and death pathways (46) . In addition to serum, S1P is present in other compartments, especially at inflammatory sites, where its cellular release was found to increase. Accordingly, the human cerebrospinal fluid (CSF) HDL fraction was found to induce rat astrocyte migration in a manner sensitive to the S1P receptor antagonist VPC23019, indicating that S1P accumulates in CSF lipoproteins and mediates some lipoprotein-induced neural cell functions in the central nervous system (42) . Additionally, S1P has a potent chemoattractant activity for neural stem/progenitor cells, stimulating their migration toward a damaged area of the central nervous system (17) . On the other hand, S1P can also promote reactive astrogliosis (45) . S1P cell activation requires an effective control, as acute changes in its plasma concentration are sufficient to induce sudden cardiac death through an S1P 3 receptor-mediated mechanism (38, 40) . At the cellular level, S1P activation results in engagement of various G proteins and subsequent activation of signaling pathways involving phospholipase C, Ras, phosphatidylinositol 3-kinase (PI3K), Akt, ERK, and protein kinase C (1) .
In this article we report that rhpGSN, in addition to its previously reported binding to LPS, LTA, LPA, and plateletactivating factor (PAF) (3, 4, 30, 34) , binds and attenuates certain cellular effects of S1P. rhpGSN also binds to the synthetic S1P analog FTY720P, which exerts a significantly different biological activity compared with S1P. This finding indicates that in the extracellular environment plasma gelsolin may act as a universal scavenger or carrier of bioactive lipids, and its function may include interference with the multifunctional immunomodulatory actions of S1P. Such action is potentially of importance in settings where the concentrations of plasma gelsolin and/or S1P change over their homeostatic ranges. One example of such a condition was identified on the basis of S1P and gelsolin analysis in human samples of CSF. In patients with lymphatic meningitis, S1P and gelsolin concentrations showed a tendency to increase and decrease, respectively, compared with other neurological disorders.
MATERIALS AND METHODS
Materials. QRLFQVKGRR (gelsolin residues 160 -169) and QRL peptides from gelsolin were prepared by solid-phase peptide synthesis and fluorescently labeled at their NH 2 termini by reaction with the succinimidyl ester of rhodamine B as previously described (8) . FTY720 and (S)-FTY720P were from Echelon Biosciences (Salt Lake City, UT). FTY720P functions as an activator of four S1P receptors (S1P 1,3,4,5), but its immunomodulatory activity is associated with downregulation of S1P1 (1). Sphingosylphosphorylcholine (SPC), S1P, lysophosphatidylcholine (lyso-PC) from bovine brain, D-erythrodihydrosphingosine 1-phosphate (dhS1P), and LPS from Escherichia coli (serotype O26:B6) were purchased from Sigma (St. Louis, MO). PAF (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine), N-octanoylceramide 1-phosphate (C1P), and ceramide from porcine brain were obtained from Avanti Polar Lipids (Alabaster, AL). rhpGSN was obtained from Biogen-Idec (Cambridge, MA). S6 ribosomal protein (S6rp) clone 5G10 rabbit monoclonal antibodies were from Cell Signaling (Santa Cruz, CA). Stock solutions of S1P were prepared in 0.3 M NaOH, since pH strongly affects the aggregation behavior of S1P (41) . Various concentrations of S1P were prepared by mixing its stock solution [sonicated for 10 min at room temperature (RT)] with the buffer required for a particular experiment. Stock solutions of dhS1P were prepared in 60% methanol-30% tetrahydrofuran-10% water. From this solution, a lipid film was prepared by evaporating the solvent with a stream of nitrogen, and the dry film was hydrated with 20 mM Tris buffer, pH 7.4. When required, the lipid film was hydrated with a solution of fatty acid-free bovine albumin in Tris buffer (4 mg/ml). Gelsolin denaturation (a modification in conformation not accompanied by rupture of peptide bonds) was achieved by heating its stock solution at 55°C for 1 h.
Interaction of S1P with PBP10 peptide and gelsolin. The fluorescence intensity of PBP10, a peptide from the PIP 2 binding domain of gelsolin (residues 160 -169) linked to rhodamine B, was measured with a SL-5B spectrofluorometer (Perkin Elmer, Waltham, MA) (excitation wavelength 560 nm, emission wavelength 590 nm). Fluorescence intensity was measured 15 min after addition and vortexing of various concentrations of lipids with 2 M peptide solutions in buffer A (10 mM Tris, 10 mM MES, pH 7.45). To determine the binding of lipids to gelsolin, the optical density at 280 nm was measured in solutions containing different amounts of lipids added to 0.1 mg/ml rhpGSN in PBS. A decrease in tyrosine and tryptophan fluorescence, due to decreased absorbance, has been documented as an assay for PIP 2 binding to gelsolin (6) .
Protein-lipid overlay assay. PIP 2, S1P, and phosphatidylserine (PS) were reconstituted in 1:1 chloroform-methanol and diluted in 1:2:0.8 chloroform-methanol-water at concentrations of 0.1, 1, 10, and 100 M. A volume of 1 l of each solution was spotted on a Hybond P-PVDF membrane (Amersham Biosciences, Little Chalfont, UK) and allowed to dry for 1 h (48). The membrane was then placed in blocking buffer for 30 min, incubated with 10 nM rhpGSN, rinsed in TBS-T buffer (150 mM NaCl, 50 mM Tris, 0.05% Tween 20, pH 7.4), incubated in primary antibody against human gelsolin (1:10,000 dilution) for 1 h, rinsed, and incubated in horseradish peroxidase (HRP)-conjugated secondary anti-mouse antibody for 1 h (1:16,000). Immunoblots were developed with the Fuji Film LAS-300 system and ECL Plus HRP-targeted chemiluminescent substrate (Amersham Biosciences).
F-actin preparation and severing activity of gelsolin. Monomeric G-actin was prepared from rabbit skeletal muscle (rabbit muscle acetone powder, Pre-Freez Biologicals, Rogers, AR) (47) and labeled with pyrene-iodoacetamide (18) . The nonpolymerizing solution contained (in mM) 2 Tris, 0.2 CaCl 2, 0.5 ATP, and 0.2 DTT, pH 7.4. Actin was polymerized by addition of 150 mM KCl and 2 mM MgCl2 and incubation for 1 h at RT. rhpGSN-severing activity was measured in 0.4 M pyrene-labeled F-actin samples after addition of gelsolin, alone or in combination with S1P or other lipids. The fluorescence intensity of F-pyrene actin was monitored for 3 min. The severing activity was calculated from the rate of fluorescence intensity decrease as described previously (16) .
Cell culture. Bovine aortic endothelial cells (BAECs) were purchased from Clonetics (San Diego, CA) and were grown in an incubator at 37°C and 5% CO2 in Dulbecco's modified Eagle's medium (DMEM) with low-glucose-containing 10% fetal bovine serum (Cambrex BioScience, Walkersville, MD). Rat primary astrocytes (a gift from Dr. David Meaney, University of Pennsylvania) were obtained from prenatal rats according to a protocol approved by the Office of Regulatory Affairs, University of Pennsylvania, and maintained for 14 days in culture before use. Embryos (embryonic days [17] [18] [19] were removed by cesarean section from a SpragueDawley rat, and the hippocampi were surgically removed. The tissue was digested in trypsin-DNase at 37°C, centrifuged (1,000 g ϫ 5 min), and filtered to derive suspensions from each pup. Cells were grown in an incubator at 37°C and 5% CO2 in DMEM (BioWhittaker, Walkersville, MD) supplemented with Ham's F-12 (Sigma) and 5% fetal bovine serum (Hyclone, Logan, UT) for 7 days, followed by an additional 7 days in neurobasal medium (Invitrogen, Carlsbad, CA) also supplemented with 5% fetal bovine serum, 2 mM L-glutamine, 50 g/ml streptomycin, and 50 U/ml penicillin. All cells were maintained under standard cell culture conditions at 37°C in humidified air with 5% CO2.
Evaluation of ERK1/2 activation. After the indicated time for activation with S1P (0 -10 min), BAECs were washed in phosphatebuffered saline (PBS) and lysed in radioimmunoprecipitation assay buffer supplemented with 0.5 mM phenylmethylsulfonyl fluoride, phosphatase inhibitor cocktails I and II (Sigma), and protease inhibitor cocktail from Roche (Basel, Switzerland). For normalization of gel loading, the protein extracts were assayed by the Lowry method (Bio-Rad, Hercules, CA; DC protein assay). Typically, 25 g of protein per lane was loaded. To examine protein phosphorylation, the membranes were incubated with anti-ERK1/2 antibodies (Cell Signaling, Danvers, MA). Next, the membranes were incubated with the appropriate secondary peroxidase-conjugated antibodies (GE Healthcare). The blots were developed with the ECL Plus System (Amersham, Pittsburgh, PA). Western blot analysis of S6rp, a downstream target of the PI3K/Akt/mammalian target of rapamycin (mTOR) pathway (24), was used as an additional loading control in which a respective membrane was reblotted with anti-S6rp antibody after the removal of primary anti-ERK1/2 and secondary antibodies from a membrane with reblot buffer from Chemicon International (Billerica, MA).
Microscopic evaluation of actin cytoskeleton in rat astrocytes after S1P treatment. Rat astrocytes after S1P activation (1 M) were fixed with 4% glutaraldehyde, and actin was stained with phalloidin-FITC after cell permeabilization with 0.1% Triton X-100. Images from ϫ40 magnification with a Leica microscope were captured with a Cool SNAP (HQ) camera. In addition to microscopic observation, we determined the phalloidin fluorescence intensity with ImageJ software, indicative of F-actin concentration (fluorescence/area) for several cells (ϳ10) in each condition.
Elastic modulus. The stiffness (elastic modulus) of rat astrocytes and BAECs was measured at 1 Hz by atomic force microscopy (AFM) with a DAFM-2X Bioscope (Veeco, Woodbury, NY) mounted on an Axiovert 100 microscope (Zeiss, Thornwood, NY) using silicon nitride cantilevers (196 mm long, 23 mm wide, 0.6 mm thick) with a pyramidal tip (40-nm diameter) for indentation as described previously (49) . The spring constant of the cantilever, calibrated by resonance measurements, was typically 0.06 N/m (Veeco, Chadds Ford, PA).
Evaluation of S1P and FTY720P effects on BAEC NF-B localization. In BAEC cultures, NF-B translocation was monitored after a 2-h incubation in serum-free medium containing 10 ng/ml LPS (positive control), 0.1-5 M S1P, or 0.1-10 M FTY720P. A monoclonal antibody to the NF-B/subunit p65 (Santa Cruz Biotechnology) was used for visualization after treatments. Individual cells were counted to assess NF-B localization (200 -600 cells/treatment).
Evaluation of S1P in CSF samples. CSF samples were obtained from individuals admitted to the Department of Neurology at the Medical University of Białystok and undergoing lumbar puncture for diagnostic purposes. Samples of CSF after collection were centrifuged (2,000 g, 20 min), and the supernatants of CSF were subjected to total protein analysis and frozen. The Medical University of Białystok Ethics Committee for Research on Humans and Animals approved the study, and written consent was obtained from all subjects. CSF concentration of S1P was measured as described previously (20, 29) with a HPLC system (ProStar, Varian) equipped with a fluorescence detector and a C18 reverse-phase column (OmniSpher 5, 4.6 ϫ 150 mm). Isocratic elution with acetonitrile and water (9:1 vol/vol) and a flow rate of 1 ml/min was used. The column temperature was maintained at 33°C.
Immunoblotting of gelsolin in cerebrospinal fluid. Gel sample buffer was added to freshly thawed CSF samples, which were then boiled and subjected to electrophoresis on 10% polyacrylamide gels. rhpGSN was loaded as a standard in each gel in a concentration range comparable to the gelsolin concentration in the samples. After electrophoresis, proteins were transferred to polyvinylidene difluoride membranes (Amersham Biosciences), which were blocked by incu- bation in 5% (wt/vol) nonfat dry milk dissolved in TBS-T. After transfer, proteins were probed with a monoclonal anti-human gelsolin antibody used at a 1:10,000 dilution in TBS-T. HRP-conjugated secondary antibodies were used at a 1:20,000 dilution in TBS-T. Immunoblots were developed with the Fuji Film LAS-300 system and an ECL Plus HRP-targeted chemiluminescent substrate (Amersham Biosciences). Densitometry analysis was performed with Image Gauge software (version 4.22, Fuji Photo Film).
Statistical analysis. Data are reported as means Ϯ SD from three to six experiments. Differences between means were evaluated for statistical significance with the unpaired Student's t-test. P values of Ͻ0.05 were considered significant.
RESULTS

S1P interacts with gelsolin's PIP 2 binding sequence (residues 160 -169) and recombinant human plasma gelsolin.
As previously reported (3), upon specific interaction of PBP10 with LPS there is an initial decrease in fluorescence at low LPS-to-peptide ratios. At the molar ratios tested in the present experiment, only the initial stage of fluorescence decrease was observed with PIP 2 , LPA, S1P, C1P, and FTY720P. The fluorescence intensity of PBP10 decreased to the same extent upon addition of PIP 2 , LPA, and S1P at lipid-to-PBP10 molar ratios of 2:1. C1P and FTY720P had a weaker effect on PBP10 fluorescence (Fig. 1, A and B) . There was no significant fluorescence change after addition of PAF, lyso-PC, dhS1P, or FTY720 to PBP10 at the lipid-to-peptide ratios used. No decrease of PBP10 fluorescence intensity was observed after ceramide addition (data not shown). Changes in PBP10 fluorescence intensity suggest that gelsolin, in addition to binding S1P, may also bind to C1P, a phosphorylated bioactive sphingolipid involved in a multitude of cellular activities including the regulation of eicosanoid synthesis (7), but not to ceramide. This result underscores the importance of phosphate groups in the binding of bioactive lipids to gelsolin. No change in fluorescence was observed on addition of S1P, FTY720P, LPA, C1P, dhS1P, and SPC to a control peptide with the sequence rhodamine B-QRL (RhB-QRL) (data not shown). Binding of S1P to intact gelsolin was evident from both a change in UV absorbance (Fig. 1, C and D) and data from a protein lipid overlay assay in which gelsolin binding to immobilized S1P was detected with a specific anti-gelsolin antibody (Fig. 1E) . S1P decreased the absorbance of gelsolin, with a maximal decrease of ϳ15%, similar to that found with PIP 2 . A decrease of gelsolin's absorbance was also observed after addition of LPA and FTY720P, but not with PAF, lyso-PC, SPC, or FTY720 (Fig. 1, C and D) . S1P inhibits gelsolin's actin filament severing activity. When added to 0.05 M rhpGSN, 5 and 20 M S1P inhibit ϳ60% and 80% of gelsolin's severing activity, respectively ( Fig. 2A) . On a molar basis, S1P has a potency similar to that of PIP 2 and LPA (3). Figure 2A shows that gelsolin's severing activity was weakly reduced by FTY720P and SPC. These results indicate that among acidic lysolipids only LPA and S1P significantly inhibit gelsolin's ability to depolymerize F-actin.
Gelsolin prevents S1P-mediated activation of ERK. ERK1 and 2 (p44 and p42 MAP kinases) function in a protein kinase cascade. Earlier studies have shown that S1P enhanced the threonine/tyrosine phosphorylation of ERK in a time-and dose-dependent manner, indicating activation of G i/o downstream signaling pathways in astrocytes (26, 45) . The level of phosphorylated ERK in resting BAECs was undetectable. S1P (0.5 M) activation for 5 and 10 min increased the phosphorylated forms of ERK. This effect was not observed when BAEC activation with S1P was performed in the presence of rhpGSN (2 M) for 5 and 10 min (Fig. 2B) .
Gelsolin prevents S1P-induced actin remodeling and cell stiffening. In cultured rat astrocytes, significant remodeling of the actin cytoskeleton was observed upon S1P activation. S1P (1 M) rapidly induced assembly of cortical actin and stress fibers, as seen in the pronounced phalloidin staining compared with that seen in the control cells that had few, sparse actin filament bundles. The changes in actin staining are in agreement with changes in the shape of astrocytes, which upon S1P activation become more elongated. However, when first incubated with rhpGSN, S1P had no effect on the actin cytoskeleton and shape of astrocytes (Fig. 3A) . AFM measurements of rat astrocyte and BAEC stiffness revealed an increase in the elastic modulus from 3,500 to 4,500 Pa and from 4,800 to 7,500 Pa, respectively, after addition of 1 M S1P (Fig. 3, B  and C) . Increased cell stiffness after S1P stimulation was significantly reduced by gelsolin (0.25-2 M) in both rat astrocytes and BAECs. rhpGSN (0.5-5 M) alone had no effect on primary rat astrocyte or BAEC stiffness (Fig. 3, B and C, and data not shown). The S1P-induced increase in astrocyte stiffness was not inhibited when S1P was preincubated with denatured rhpGSN, suggesting that the binding of S1P to gelsolin requires the native conformation of the protein (data not shown). When BAECs were subjected to S1P, dhS1P, or C1P activation (1 M each), using stock solutions prepared in buffers containing fatty acid-free bovine albumin (4 mg/ml), we observed a significant increase in cell stiffness that reached on average 7,800, 6,600, and 9,700 Pa upon S1P, dhS1P, and C1P addition, respectively (Fig. 3D) . In the presence of 2 M rhpGSN, the effect of S1P but not dhS1P was significantly reduced. rhpGSN also appeared to decrease cell stiffening induced by C1P, but this reduction was not statistically significant.
Gelsolin binds lipids with opposite cellular activity. LPS activates the transcription factor NF-B, which triggers the transcription of proinflammatory cytokine genes in various cell types, and gelsolin blocks this effect of LPS (3). In untreated BAECs, NF-B was located in the cytoplasm (Fig. 4A) ; activation by LPS or S1P resulted in its translocation to the nucleoplasm. However, at the concentration of S1P used in this study (5 M) the nuclear localization of NF-B was observed in a limited population of BAECs (20%) compared with the LPS-mediated effect, which at 0.1 g/ml induces translocation in ϳ80% of BAECs. We were unable to evaluate NF-B translocation at higher concentrations of S1P because of its toxicity, as determined by BAEC morphology and lactate dehydrogenase release from cells treated with S1P at concentrations exceeding 5 M (data not shown). The S1P-induced translocation of NF-B was blocked by its preincubation with rhpGSN (data not shown). In this system, FTY720P (up to 10 M) had no effect on NF-B translocation with or without physiological concentrations of gelsolin. In another set of experiments, we observed an inhibitory effect of FTY720P on the S1P-induced increase in BAEC stiffness (Fig. 4C) .
Gelsolin and S1P concentration in cerebrospinal fluid samples. Twenty-six specimens of CSF obtained from patients with various neurological symptoms were analyzed by HPLC Fig. 3 . Gelsolin inhibits S1P-induced increase in cell stiffness. A: quantification of fluorescence staining for F-actin with phalloidin in rat primary astrocytes was used to demonstrate the blocking by plasma gelsolin (2 M) of S1P (1 M)-induced actin cytoskeleton assembly and cell shape changes. B and C: rat primary astrocyte (B) and BAEC (C) stiffness (elastic modulus) under S1P treatment was measured by atomic force microscopy (AFM). To evaluate gelsolin's effect on S1P-induced increase in cell stiffness, rat astrocytes and BAECs were treated with S1P ( and quantitative Western blot analysis to determine S1P and gelsolin concentrations, respectively. As shown in Fig. 5 , samples were obtained from patients diagnosed with six different conditions. The range of gelsolin and S1P concentrations in these samples was 15.1-88.7 nM and 0 -10.1 nM, respectively. The lowest gelsolin and S1P concentrations were observed in patients diagnosed with stroke and idiopathic cephalgia, respectively. Higher gelsolin and S1P concentrations were found in patients diagnosed with idiopathic cephalgia and lymphocytic meningitis. The largest ratio of S1P to gelsolin was found in lymphocytic meningitis. The importance of this observation is uncertain because of the limited number of CSF samples currently analyzed, but the large variance in gelsolin levels compared with assumedly relatively constant levels in normal samples suggests that further studies are warranted.
DISCUSSION
Gelsolin and S1P are both among an extremely small fraction of proteins and lipids that function in both extracellular and intracellular compartments. In the extracellular environment, plasma gelsolin functions in part as an actin scavenger, while S1P acts as an agonist for numerous cell types. Our findings show that human plasma gelsolin binds to S1P. This interaction is characterized by S1P-mediated inhibition of gelsolin's F-actin severing activity and by gelsolin's interference with S1P-mediated cell activation. Gelsolin severing activity decreases when gelsolin binds to S1P, FTY720P, SPC, or LPA. At the molecular level, these lipids bind gelsolin by interacting with its PIP 2 binding site (30) , as demonstrated by a decrease of rhodamine B fluorescence of PBP10 peptide (Fig. 1A) and conformational changes in gelsolin structure (as monitored by absorbance measurements at 280 nm; Fig. 1C ), resulting in changes of gelsolin's ability to bind F-actin. This result is consistent with previous data showing that LPS and LTA, which share some structural similarities to S1P such as a high negative charge density and the presence of phosphomonoesters, disrupt gelsolin's ability to sever F-actin (2, 3) .
It is possible that systemic administration of gelsolin in pathological conditions associated with increasing concentrations of circulating bioactive lipids may act as a buffer that could neutralize these factors and lower their bioavailability (33) . However, preferential binding of gelsolin with bioactive lipids does not correlate with lipid toxicity or proinflammatory potency. From the family of lysophospholipids represented by LPA, lyso-PC, SPC, and S1P, LPA and S1P have the strongest effect on gelsolin severing activity. Notably, lyso-PC and SPC, which effectively augment inflammation through effects on adhesion molecules, monocytes, and macrophages, have a very limited effect on gelsolin function. The tight binding of gelsolin or other components of plasma to S1P and other bioactive lipids might interfere with binding to their receptors and thereby attenuate the lipid-receptor-mediated cell activation (32) . Therefore, in the case of S1P, a concern arises about the side effects of neutralizing all of the S1P in the periphery. However, the S1P level in human plasma far exceeds the K D (8 -50 nM) for S1P receptors (43) , and nontoxicity or no pathological changes were observed in animals treated with high doses of anti-S1P antibody (33) .
This reciprocal gelsolin-S1P interaction suggests multiple possible physiological effects. Gelsolin might impair the S1P-S1P 1 receptor system that regulates lymphocyte distribution within lymphoid organs and egress to the blood (14, 37) and involves S1P-mediated modulation of endothelial cell barrier function. This hypothesis is consistent with our data showing that binding of gelsolin to S1P prevents its ability to regulate endothelial stiffness. In addition, this interaction can reduce the effects of S1P-regulated endothelial permeability such as the prevention of fluid accumulation in tissues. Since activation of sphingosine kinase 1 (SphK1) by a variety of cytokines and concomitant formation of S1P are important for various inflammatory responses, it is also likely that gelsolin-S1P interaction controls several steps of inflammation (7). This possibility supports a recent finding showing that ceramide, sphingosine, and S1P all induced cyclooxygenase-2 in A549 human lung cells, and in response to TNF-␣ treatment an increase in the levels of S1P was observed (36) .
At the cellular level, immune modulation by synthetic monoclonal antibodies directed against S1P results in inhibition of S1P-mediated release of proangiogenic and prometastatic cytokines from human ovarian carcinoma cells (33) , indicating a potential therapeutic benefit of gelsolin-mediated S1P functional sequestration. This possibility is consistent with our observation that rhpGSN reduced S1P-induced activation of cells as determined by inhibition of ERK phosphorylation (Fig. 2B) .
Assuming that disruption of the homeostatic balance that controls gelsolin and S1P concentrations in the extracellular space can have pathological consequences, the restoration of such balance may offer a therapeutic solution, especially in situations where the levels of S1P and gelsolin change in opposite directions. Since lymphocytic meningitis is characterized by an increase in S1P levels and lowered gelsolin in CSF (Fig. 5) , the potential benefit of administration of gelsolin deserves further investigation.
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